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Research Updates obtain hibernants, young nymphs were forced into hibernation through depletion of food (no new root pieces) and by reduction of temperature (16 °C) .
When populations of all life stages of phylloxera increased sufficiently, root pieces with populations were selected for hot-water dipping. A precount of each life stage was noted for each root piece. There were seven time lengths for dipping with three replicates each (total of 21 root pieces). The roots plus associated phylloxera populations were dipped for 0, 3, 5, 7, 9, 11, and 13 min at 52 °C in a hot-water bath.
Each root piece was placed on a large piece of filter paper (Whatman no. 1), folded and stapled in a teabag fashion. This package was covered by a second piece of filter paper to prevent tearing. The root piece was confined loosely within the filter paper so that the insects were not harmed, yet the they also could not escape when dipped in water. Three root pieces individually wrapped in filter paper then were bundled in cheesecloth with a piece of thread tied around the package to provide a handle for dipping.
After hot-water dipping, the outside covering of filter paper was removed and the paper inside was unfolded to expose the root piece. Root pieces and associated filter paper were placed in individual petri dishes in an incubator (20 °C). Every 7 d, the number of dead and live phylloxera in each life stage were counted. Percent survival was calculated for each treatment. Populations were maintained and checked for survival for 42 d.
In 1995, phylloxera populations were prepared and maintained as in 1994. However, based on results in 1994, a control, in which root pieces and associated phylloxera populations were dipped in water at room tempera- G rape phylloxera is the most serious insect pest of vineyards worldwide (Flaherty, 1992) .
Hot
This pest first was discovered in commercial vineyards in Oregon in 1990 (Connelly and Strik, 1991) . There is no control for this pest other than replanting to vines grafted to resistant rootstocks. The easiest way to introduce grape phylloxera into a vineyard is by planting infested grafted or selfrooted nursery stock. If nurseries could eradicate phylloxera effectively without damaging planting stock, introducing phylloxera to new areas would be eliminated (Strik and Stonerod, 1995) . Hot-water dipping has been used to control nematodes (Lear and Lider, 1959) , crown gall (Agrobacterium tumefaciens) (Ophel et al., 1990) , and certain life stages of phylloxera (Davidson and Nougaret, 1921; Flaherty, 1992 ) from nursery stock. However, depending on water temperature and length of treatment, there has been damage to grapevine cuttings (Wample et. al., 1991) . Our objectives were to determine methods of dipping young nongrafted and grafted grapevines (nursery stock) to eradicate existing phylloxera populations without causing plant damage.
Materials and methods
HOT WATER DIPPING OF PHYLLOXERA. In Jan. 1994 and 1995, phylloxera life stages (eggs, nymphs, nymph-adults, adults, and hibernants) (Flaherty, 1992) were dipped in hot water (52°C ; 125 °F) to determine percent survival. Phylloxera populations were maintained on 'Pinot Noir' (Vitis vinifera L.) root pieces in petri dishes in laboratory incubators (20 °C) before conducting hot-water dips. The root pieces were 3 to 5 mm in diameter and 5.0 to 7.5 cm long. All life stages were present in the populations living on the root pieces used for dipping. To 
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era were killed with a 5-min dip in 52°C water (data not shown). The 3-min dip was not totally effective at killing all individuals. About 21% of the eggs, 60% of the nymphs, and 15% of the adults survived for ≤7 d after dipping. At 14 d after dipping, insects subjected to a 3-min hot-water dip appeared to be dead. Davidson and Nougaret (1921) found a 1-min dip at 52 °C killed hibernants and eggs. Evaluation from 7 to 42 d after dipping for the 5-, 7-, 9-, 11-, and 13-min dips indicated all insects were dead. All stages in the control group were alive; eggs were hatching, nymphs and nymph-adults were molting, adults were laying eggs, and hibernants were becoming active.
The 1995 data confirmed that all life stages of phylloxera were killed when dipped in hot water (5 min at 43°C
+ 5 min at 52 °C] and survived when dipped in 20 °C water for 10 min (data not shown). From 7 to 42 d after dipping, insects dipped in hot water were dead; insects in the control group were hatching, molting, reproducing, and breaking dormancy.
PLANTS. . . . . In 1994, data on percent budbreak of primary, secondary, and tertiary shoots showed that no plants displayed adverse effect from hot-water dipping (P > 0.05). However, there was a significant difference in percent budbreak among rootstocks (Table 1) .
In 1995, there were no adverse effects of hot-water dipping on the graft union (based on a visual browning rating) or percent budbreak (Table  2) . However, rootstock-scion plants did differ in overall ratings and percent budbreak (Table 2) .
It is important to note that our objectives were to find treatments requiring the least amount of time in hot water required to kill all life stages of phylloxera and, thus, subject plants to the minimum possible contact with hot water. A hot-water dip of 5 min at 43 + 52 °C was sufficient to kill all stages of phylloxera and did not injure dormant plants.
Other experiments have indicated that bud injury from hot-water treatment is minimal at 52 and 54 °C with time lengths of 10, 20, or 30 min. Critical injury from dipping nonrooted cuttings appears to occur at 56 °C for 30 min. (Wample, 1993) . In an experiment on using hot-water dips to eliminate crown gall, Wample (1991) found that percent budbreak after hotIn 1995, the response of bareroot grafted nursery vines to the hotwater dipping was evaluated using the same procedure as described for 1994. The rootstock-scion combinations used were 101-14-'Pinot Noir' clone Pommard, 3309C-'Chardonnay' clone Draper, and Riparia gloire-'Chardonnay' clone 76. One plant of each was bundled together; there were 10 replicates per dipping treatment.
After dipping, plants were set in flats of sawdust and placed in a screenhouse. To evaluate treatment effects, nodes and shoots were counted on each vine. The graft union of each plant then was sliced longitudinally and was evaluated for discoloration of pith and cambium tissues using a rating system from 1 to 4 (pith, 1 = cream or light green, 2 = tan, 3 = light brown, and 4 = dark brown or black; cambium, 1 = bright green, 2 = olive green, 3 = light brown, and 4 = cream. Data were subjected to analysis of variance, and means were compared using a protected least significant difference (SAS Institute, Cary, N.C.).
Results and discussion
GRAPE PHYLLOXERA. Data collected in 1994 on percent survival and amount of time to kill each life stage indicated that all life stages of phylloxture (20 °C) for 5 min, was compared to a hot-water dip for 5 min at 52 °C. There were three root pieces per replicate and 10 replicates per treatment. Percent survival for each life stage was calculated every 7 d for 42 d.
HOT-WATER DIPPING OF PLANTS. In Winter 1994, 2-year-old dormant, self-rooted plants ('Pinot Noir' and the rootstocks 3309C, 5C, 101-14, and Freedom) growing in 1-gallon containers were used for the hot-water dipping study.
Just before dipping, plants were removed from pots, and roots were washed free of all soil. Roots were pruned to ≈15 cm long and shoots to six to seven buds. One plant of each cultivar was tied into a bundle (replicate) with 10 replicates per treatment.
Hot-water treated plants were dipped for 5 min at 43 °C to preheat roots then in 52 °C water for 5 min. Preheating roots aides in maintaining a constant temperature (Goussard, 1977) . The control plants were dipped in water at 20 °C for 10 min. All plants then were dipped in cold water (14 °C) for 2 min. To evaluate damage, plants were repotted and placed in a greenhouse. After budbreak, the numbers of nodes and primary, secondary, and tertiary shoots were counted to evaluate treatment effects. 
